, a substrate, GTP, loads to its template deoxycytidine monophosphate template base is situated in the pretranslocated EC. Based on the work presented here, we suggest that (dCMP) base at the i + 2 position in the RNAP II main enzyme channel. In Figure 1B , the GTP substrate moves these seemingly disparate views may be essentially correct but that the true situation is more complex.
toward the i + 1 active site, triphosphate first, over the bridge α helix. In Figure 1C , the GTP substrate is seated Specifically, translocation is NTP driven, and translocation may involve bridge helix bending or movement.
in the active site and poised for bond synthesis. The animation shows that sufficient space is available for Bridge helix bending may be resisted by α-amanitin, . In this paper, we report "isomerization reversal," which is the restructure of α-amanitin bound to yeast RNAP II, Kornberg and colleagues suggested that α-amanitin may inlease of a substrate NTP that had previously been "isomerized" or tightened in the RNAP II active site. hibit translocation by blocking bending of the bridge α-helix to which α-amanitin binds (Bushnell et al.,
Isomerization reversal results from the simultaneous actions of the translocation block α-amanitin and a 2002). Here, we show that incoming NTPs, bound to main channel sites, and α-amanitin induce the dynamic high concentration of the incoming NTP substrate. Neither α-amanitin nor NTPs by themselves have this reversal of active site isomerization, releasing the substrate NTP, which had previously been loaded and negative effect on the RNAP II EC. Isomerization reversal is a highly unusual observation that provides insight tightened into the RNAP II active site.
into the relationship between NTP-driven translocation and the fidelity of RNA synthesis.
Results
A model to explain isomerization reversal is shown in Figure 2A . For this experiment, a 40-CAAAGGCCTTT-NTP-Driven Translocation Figure 1 shows three frames from an animation of 50 template (nontemplate strand) was used. G44 and G45 (44 and 45 nucleotide RNAs ending in 3#-GMP) are NTP-driven translocation, generated from a restrained molecular dynamics simulation (Movie S1 available underlined, because elongation is monitored through Figure 2C ). Therefore, a high concentraand e). In the continuing presence of the incoming i + tion of the incoming i + 2 GTP is required to drive the 2 GTP; however, isomerization reversal (IR) is observed, isomerization reversal or the bond completion reaction because the incoming i + 2 GTP dislodges the i + 1 GTP against the powerful α-amanitin translocation block. from the active site (b), rendering the EC sensitive to Slow convergence of EDTA and HCl quench curves in-EDTA quenching (c).
dicates coupling of NTP-driven translocation to pyro- Figure 2B shows typical gel electrophoresis data phosphate release, because a high concentration of demonstrating isomerization reversal. Stalled A43 ECs G45 GTP-Mg 2+ is necessary to force G44 bond complein the presence of 2.5 mM GTP and α-amanitin undergo tion. Figure 2E shows that it is i + 2 GTP, not other NTPs isomerization reversal with the passage of time of exthat drive isomerization reversal with the 40-CAAA posure to the incoming i + 2 GTP-Mg 2+ . By quenching GGCCTTT-50 template. CTP weakly stimulates isomerizawith EDTA at 0.002 s, more G44 product is observed tion reversal at 500 M GTP, perhaps acting at the i + than A43 substrate. By quenching at 0.1 s, more A43 3 position. substrate is observed than G44 product. Taken together, these results indicate that the i + 1 GTP-Mg coming NTP substrates, rather than directly to NTP hydrolysis, as required by a powerstroke model. (Figures 1 and 6) . 
NTPs Enter the

